To investigate the relationship between the fetal androgen exposure and lifelong premature ejaculation by using the ratio of the second (index)-to-fourth (ring) digits (2D : 4D) which is the marker for higher prenatal androgen exposure. Totally 65 patients with lifelong premature ejaculation and 65 control cases without any ejaculatory complaints were enrolled in the study. A detailed medical history was obtained and self-estimated intravaginal ejaculatory latency times were recorded. Ejaculation function was evaluated by Premature Ejaculation Diagnostic Tool. The lengths of the second and fourth digits of both hands were measured and 2D : 4Ds were calculated. The mean 2D : 4D values were 0.964 AE 0.024 vs. 0.978 AE 0.032 (p = 0.004) for the right hand and 0.966 AE 0.023 vs. 0.979 AE 0.032 (p = 0.006) for the left hand in lifelong premature ejaculation and control groups, respectively. Significant correlations were observed between the digit ratios and self-estimated intravaginal ejaculatory latency time (r = 0.258, p = 0.003 for right hand; r = 0.240, p = 0.06 for left hand), and between the digit ratios and total Premature Ejaculation Diagnostic Tool scores (r = À0.263, p = 0.003 for right hand; r = À0.238, p = 0.06 for left hand). Individuals with lower digit ratios have higher risks of shorter intravaginal ejaculatory latency times. These results suggest that increased fetal androgen exposure may be a new risk factor for the development of lifelong premature ejaculation.
INTRODUCTION
Premature ejaculation (PE) is one of the commonest male sexual dysfunctions, with prevalence rates estimated at 3-30% (Laumann et al., 1999; Serefoglu et al., 2011; Gao et al., 2013; Muraleedharan et al., 2013) . The Second International Society for Sexual Medicine Ad Hoc Committee of Premature Ejaculation defined lifelong PE (LPE) as 'male sexual dysfunction characterized by ejaculation that always or nearly always occurs prior to or within 1 min of vaginal penetration, the inability to delay ejaculation on all or nearly all vaginal penetrations with negative personal consequences, such as distress, bother, frustration, and/or the avoidance of sexual intimacy' (Serefoglu et al., 2014) . In terms of an intravaginal ejaculatory latency time (IELT) of about 1 min, the prevalence of LPE is unlikely to exceed 4% of the general population (Serefoglu et al., 2011; Gao et al., 2013) . In spite of its high prevalence, the exact etiology and pathophysiology of LPE are not clearly identified. Many studies reported that neurobiological (Waldinger, 1998; Borgdorff et al., 2008) , genetic (Janssen et al., 2009) , and psychological (Althof et al., 2010) factors are considered as the significant risk factors for this disorder.
Although male sexual and reproductive functions are under the regulation of endocrine system, hormonal regulation of the ejaculatory process is not clearly identified. Testosterone (T) is the key hormone of male sexuality, such as gender identity, sexual desire, and erection. However, increasing evidence suggest that T is involved in the regulation of ejaculatory reflex (Corona et al., 2008; Wu et al., 2016) . Androgens influence ejaculatory reflex by several mechanisms: (i) acting on the various central and peripheral nucleuses which are related to the ejaculatory pathways, (ii) altering the expression of several mediators which mediate the ejaculatory reflex, (iii) regulating the different pathways which are associated with the contractility of male genital tract (Corona et al., 2012) . Furthermore, recently it was suggested that elevated T and reduced estradiol enhance the parasympathetic excitation, and as a consequence, ejaculatory latency time will be shortened (Wu et al., 2016) .
In contrast to the above-mentioned studies that indicate the relationship between the T and PE, Jern et al. (2014) did not find any association between the salivary T levels and ejaculatory latency times. In another study, Paduch et al. (2015) evaluated the efficacy of T replacement in androgen-deficient men with ejaculatory dysfunction, and suggested that T replacement was not associated with significant improvement in ejaculatory dysfunction in these patients.
Despite the proven functions of T on ejaculatory process, it seems that normalization of the serum T level does not improve the ejaculatory dysfunction. In that case, regulation of the ejaculation may be associated with another type of T rather than in the serum. Furthermore, another problem related with LPE is that patients cannot delay their ejaculation on all or nearly all vaginal penetrations since their first sexual intercourse. This event may be the result of the intrauterine developmental process. If we consider both conditions together, fetal hormones may be associated with the setting up of the ejaculatory reflex. Because, increasing evidence suggest that fetal androgen exposure creates a tendency to numerous diseases, including cancer (Potischman et al., 2005) . In a recent study, Jung et al. (2011) found an association between the high prenatal T levels and high prostate-specific antigen level and presence of prostate cancer. In this study, authors used the second-to-fourth digit ratio (2D : 4D) to study the effects of prenatal androgens.
It was suggested that the ratio of the second (index)-to-fourth (ring) fingers (2D : 4D) is the marker for prenatal androgen exposure (Manning et al., 1998) . Males have a relatively shorter index finger than ring finger, while females have index and ring fingers of equal lengths or a longer index finger. Therefore, 2D : 4D in men is usually lower than it is in women (H€ onekopp & Watson, 2010) . It has been reported that digit ratio of the right hand is negatively correlated with the fetal testosterone/estradiol ratio (Lutchmaya et al., 2004) . Stability of the digit ratio is established in utero, fixed before the age of 2 years, and does not change with increasing age (Manning et al., 1998) . Moreover, the 2D : 4D is associated with the number of CAG repeats in the androgen receptor gene. Low 2D : 4D is associated with low CAG repeats and increased androgen sensitivity (Manning et al., 2003) .
Development of the digits and urogenital system are under the control of Hoxa and Hoxd genes (Kondo et al., 1997; Mortlock & Innis, 1997) . Recently, Choi et al. (2011) investigated the relationship between 2D : 4D and penile length, and demonstrated that the patients with higher 2D : 4D had greater penile length. In another study, Oh et al. (2014) reported that men with higher digit ratio may be more likely to have smaller testis compared to those with a lower digit ratio. Nevertheless, the effect of fetal androgens on ejaculatory process is not known. Based on the above-mentioned evidence, we hypothesized that prenatal testosterone exposure might be a possible contributing factor for the development of lifelong PE. In this prospective and comparative study, we aimed for the first time to investigate the relationship between lifelong PE 2D : 4D which indicates the prenatal androgen exposure.
MATERIALS AND METHODS

Ethical statement
This single-center, prospective, comparative study was performed according to the Declaration of Helsinki. Ethical committee of the Bozyaka Training and Research Hospital approved the study and written informed consent form was obtained from all the participants.
Patient enrollment
From December 2014 to November 2015, a total of 65 patients between the age of 20-60 years and with the complaint of LPE according to ISSM definition (Serefoglu et al., 2014) and 65 control cases were enrolled in the study.
Study population consisted of the married participants who have a stable relationship during at least the last 6 months. Control cases were selected from the patients who referred to the same outpatient clinic with a history of treated kidney stone who admitted for regular follow-up.
Exclusion
All the participants with the history of neurological and/or psychiatric disorders, any malignancies, acquired PE complaints, pelvic or perineal trauma, kidney or liver failures, acute or chronic urinary tract infections and drug abuse, as well as who are taking alpha-blockers, phosphodiesterase type-5 inhibitors, 5-alpha reductase inhibitors, anticholinergics, antipsychotics, and antidepressants were excluded from the study.
Evaluation of the participants
All the participants were evaluated at a urology outpatient clinic by a single urologist (DB). They were asked about medical and sexual histories including self-estimated IELT. The presence of PE was evaluated by the validated 5-item Turkish version of Premature Ejaculation Diagnostic Tool (PEDT) (Cronbach's a = 0.77; Serefoglu et al., 2009) . PEDT is a 5-item questionnaire and assesses the control, frequency, minimal stimulation, distress, and interpersonal difficulty (Symonds et al., 2007) . A total score of ≤8 suggests the absence of PE. To assess the erectile dysfunction (ED), Turkish version of International Index of Erectile Function-5 (IIEF-5; Cronbach's a = 0.959) was used (Turunc ß et al., 2007) . The maximum score of IIEF-5 is 25, and a total score of IIEF-5 > 21 excluded ED . According to the above-mentioned questionnaires, lower PEDT and higher IIEF scores mean less ejaculatory and erectile problems and better functions.
A physical examination, including anthropometric [weight (kg), height (cm), and waist circumference (cm)] and digit length (cm) measurements, was performed. Waist circumference was measured midway between the lowest rib and the iliac crest to the nearest 0.1 cm.
By using a digital Vernier caliper accurate to 0.01 mm, the second and fourth digits of the right and left hands were measured directly on the ventral surfaces of the fingers, from the crease proximal to the palm at the base of each digit to the digit tip by a single urologist and 2D : 4Ds for the right (R2D : 4D) and for the left (L2D : 4D) hands were calculated (DB) (Manning et al., 1998) . To minimize measurement errors, the mean values of duplicate measurements were used in the analysis. The interclass correlation coefficient (ICC) of the repeated measures by a single investigator was 0.932, which was in concordance with the previous studies (ICC = 0.873-0.969) (Allaway et al., 2009) . This technique has been previously suggested to have a high degree of repeatability (Manning, 1995; Scutt & Manning, 1996) .
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Statistical analysis
Data were analyzed using the Statistical Package for Social Sciences (SPSS 17.0 for Windows, Chicago, IL, USA). The data were expressed as mean AE standard deviation, number and percentage according to the type of variables. Normality tests (Shapiro-Wilk test, p > 0.05) were performed to evaluate the distributions of numeric variables. If the distribution of numeric variables were normal, statistical analysis was performed using parametric Student's t-tests. Mann-Whitney U-tests were used to evaluate numerical variables with a skewed distribution. Categorical variables were analyzed using chi-square or Fisher's exact tests. The Spearman correlation coefficient (r) was determined to show the correlation between the digit ratios and IELT, as well as PEDT score. Values of p < 0.05 were accepted as statistically significant.
The G* Power software version 3.01 (Franz Faul, ChristianAlbrechts-Universit€ at Kiel, Kiel, Germany) was used for power analysis. Priori power analysis was based on the two independent sample t-test. At a = 0.05 significance level, to reveal a medium effect size (d = 0.5) with 80% power, 64 participants in each study arm (totally 128 participants) are necessary. In our study, we enrolled 65 participants into the each study arm (totally 130 participants).
RESULTS
There was no statistically significant difference between the groups regarding age, partner's age, body mass index (BMI), monthly frequency of sexual intercourse and serum T level. Demographic and sexual characteristics of the men with LPE and men in the control group are summarized in Table 1 . Statistically significant differences were seen between the groups regarding the R2D : 4D (0.964 AE 0.024 vs. 0.978 AE 0.032, p = 0.004) and L2D : 4D (0.966 AE 0.023 vs. 0.979 AE 0.032, p = 0.006).
Correlation analysis revealed that self-estimated IELT was positively correlated with digit ratios (right: r = 0.258, p = 0.003; left: r = 0.240, p = 0.006). However, negative association was found between the PEDT score and digit ratios (right: r = À0.363, p = 0.003; left: r = À0.238, p = 0.006) ( Table 2) .
On the other hand, no significant correlation was detected between the serum T and digit ratios (Table 2 ). Also, serum T was not significantly related with IELT (r = 0.043, p = 0.624) or PEDT score (r = 0.025, p = 0.777) ( Table 3) .
DISCUSSION
Although LPE is one of the most common sexual dysfunctions in men, the exact etiology of this disorder is not clearly identified (Donatucci, 2006) . LPE is defined as 'early ejaculation in the majority of intercourse attempts with nearly every partner from the first sexual encounter onward that is probably the presentation of neurobiological phenomenon' (Waldinger, 2005) . This condition presenting this disorder may have a genetic etiology (Waldinger, 2002) . In this study, we demonstrated, for the first time, that fetal androgen exposure is related with the LPE. Herein, we used 2D : 4D as a marker of fetal androgen exposure and we found that mean 2D : 4D ratios of both hands in LPE group were significantly lower than the controls. In 1998, Manning et al. proposed the 2D : 4D ratio as a marker of prenatal testosterone, with low 2D : 4D indicating high prenatal testosterone and low estrogen, and high 2D : 4D, conversely indicating low prenatal testosterone and high estrogen. Sex differences in digit ratios develop early in childhood and are unaffected by pubertal growth (McIntyre, 2006) . The Homeobox genes, Hoxa and Hoxd, regulate the differentiation of urogenital system, and may have an effect on the prenatal testicular androgen synthesis and digit development (Kondo et al., 1997; Peichel et al., 1997) . These developments led to the use of 2D : 4D as a tool of investigating possible associations between prenatal sex hormone exposure and various behaviors, diseases, and disorders. A high 2D : 4D ratio in right hands of males was associated with germ cell failure due to azoospermia and oligospermia (Manning et al., 2000) . Jung et al. (2010) investigated the relationship between the 2D : 4D and presence of prostate cancer, and they found that patients with a lower digit ratio had a higher risk of prostate biopsy due to a high prostate specific antigen (PSA) level and of prostate cancer. In another study, Oh et al. (2014) reported that men with a higher digit ratio may be more likely to have smaller testis volumes compared to those with a lower digit ratio. Moreover, Choi et al. (2011) suggested that digit ratio can predict adult penile size and that the effects of prenatal T may in part explain the difference in adult penile length. These studies support the association between the digit ratio and prenatal testosterone levels and the balance of androgen/estrogen concentrations during fetal development. In this study, digit ratios of both hands were positively correlated with self-estimated IELT, and also negatively correlated with total PEDT scores. This means that development of the ejaculatory reflex might be regulated during the fetal period by the fetal androgens.
Androgens profoundly affect ejaculatory reflex by acting on several areas within the central and peripheral nervous systems, as well as on the end organs of male reproductive tract. Androgen receptors are expressed in the medial preoptic area, the bed nucleus of the stria terminalis, the median amygdalae, and the posterior thalamus, all regions deeply involved in the supraspinal control of ejaculation (Swaab, 2007) . Moreover, crucial nuclei controlling ejaculation at the spinal cord level, such as the spinal nucleus of the bulbocavernous, are androgen dependent. Interestingly, bulbocavernous muscle, like other muscles (ischiocavernosus and levator ani) of the pelvic floor involved in the ejaculation, is specifically androgen dependent (Gur & Sikka, 2015) . In fact, hypertrophic action on the levator ani is a strong predictor of effective anabolic androgen responses (Kicman, 2008) . Furthermore, 5-hydroxytryptamine (5-HT) is the most important central neurotransmitter involved in delayed ejaculation (DE; De Jong et al., 2007) . Keleta et al. (2007) demonstrated that chronic T exposure significantly decreased 5-hydroxytryptamine (5-HT) levels in rat brain. On the other hand, T acts on a peripheral level by controlling the function and expression of nitric oxide synthase and phosphodiesterase type-5 (PDE5) which regulate the ejaculatory process by acting on the contractility of the male genital tract, as vas deferens (Mancina et al., 2005) . Corona et al. (2008) evaluated the possible contribution of T and hypogonadism in the control of the ejaculatory reflex, comparing subjects with PE or DE to the rest of the sample without ejaculatory dysfunction, and they found that subjects with PE reported higher TT and free testosterone levels when compared to the other groups (subjects with DE or those without PE and DE). In a retrospective case-control study, Wu et al. investigated the relationship between sexual dysfunction and the levels and ratios of estradiol to T in 531 Chinese male patients with complaints of PE or ED, as well as 347 healthy controls. In the same study, authors showed that subjects with PE had similar levels of estradiol and higher levels of T when compared with control group, and they suggested that elevated T or reduced estradiol enhance the effect of parasympathetic excitation during an efficient sexual stimulation which accelerates the emission process. However, reduced estradiol/T ratio results in a decrease in the ejaculatory latency time via accumulating of parasympathetic excitation which induces the expulsion phase (Wu et al., 2016) .
Although 2D : 4D is considered as an indicator of prenatal testosterone that effects the development of male genital tract, in this study, 2D : 4D was not associated with serum T level. This finding was similar to the previous studies about the relationship between digit ratio and adult sex hormone levels Bang et al., 2005; Muller et al., 2011; Oh et al., 2014) . In a meta-analysis including three studies analyzing total T and 2D : 4D, H€ onekopp et al. (2007) reported that there was no association between 2D : 4D and adult hormonal levels. In our study, we also did not find significant correlations between TT level and self-estimated IELT or total PEDT score. These results suggest that fetal T regulates the ejaculatory process rather than circulating adult T.
With the current knowledge, identification of the pathophysiology of the fetal androgens on ejaculatory process is very difficult. Fetal androgens may regulate the ejaculatory process by acting on the above-mentioned central and peripheral pathways. Moreover, in the neurobiological hypothesis of Waldinger (1998), it was suggested that dysregulation of the central 5HT pathways may cause lifelong PE. In this context, fetal androgens may cause to central 5HT2C receptor down-regulation and/or 5HT1A receptor up-regulation, as a result, this condition creates a predisposition for lifelong PE. Furthermore, Manning et al. (2003) reported that the digit ratio of the right hand is positively correlated with the number of CAG repeats in the androgen receptor (AR) gene. Moreover, it has been suggested that the length of the CAG repeats is negatively correlated with the testosterone sensitivity (Kazemi-Esfarjani et al., 1995) . Furthermore, recent studies demonstrated that low CAG repeats in AR gene increase the risk of benign prostatic hyperplasia and prostate cancer (Giovannucci et al., 1997; Roberts et al., 2004) . With this context, increased fetal androgen levels may shorten the number of CAG repeats in AR gene. As a result, this condition may predispose the development of lifelong PE via increasing the testosterone sensitivity of the ARs.
The following limitations should be considered when assessing our results. First, our sample size was relatively small, so that the small number of correlation coefficients may be the result of the small sample size. Second, in our study, we used the selfreported IELTs rather than stopwatch measures; however, it should be noted that self-reported and stopwatch measured ejaculatory latencies have been shown to be interchangeable 538 Andrology, 2017, 5, 535-540 (Rosen et al., 2007) . Third, we could not study the free T levels, because of the availability in our laboratory.
In conclusion, there is a relationship between digit ratio and lifelong premature ejaculation. These results suggest that increased fetal androgen exposure may be a new risk factor for the development of lifelong premature ejaculation. However, further studies are required to confirm our findings and elucidate the exact pathophysiology.
